Abstract. Nanomaterials have emerged as an area of interest motivated by potential applications of these materials in light emitting diodes, solar cells, polarizers, light -stable colour filters, optical sensors, optical data communication and optical data storage. Nanomaterials are of particular interest as they combine the properties of two or more different materials with the possibility of possessing novel mechanical, electronic or chemical behaviour. Understanding and tuning such effects could lead to hybrid devices based on these nanocomposites with improved optical properties. We have prepared polymer nanocomposites of well-defined compositions and studied the optical properties of powders and their thin films. UV-vis absorption spectroscopy on nanocomposite powders and spectroscopic ellipsometry measurements on thin films was used to study the effect of interfacial morphology, interparticle spacing and finite size effects on optical properties of nanocomposites. Systematic shift in the imaginary part of the dielectric function can be seen with variation in size and fraction of the gold nanoparticle. The thickness of the film also plays a significant role in the tunability of the optical spectra.
Introduction
The characteristic properties of metal nanoparticles and nanocomposites have been the subject of study for a long time because of their unique optical (Nussbaumer et al 2003) , thermal, mechanical, electronic and electrical properties (Bohren and Huffman 1983; Kreibig and Vollmer 1995; Abyaneh et al 2006) . Plasmon resonance allows for the enhancement and manipulation of local electromagnetic fields at nanoparticle surface due to surface effects and as a result of these singular optical features, noble metal nanoparticles stimulate great interest for implementation in photonics (Maier et al 2003) , biotechnology and space applications. Owing to interesting optical properties of nanocomposites which are different from the ones of individual metals, these materials have drawn much attention. Combining metal and polymer together enhances the optical properties of nanometals and also alter the mechanical behaviour of the polymer. The former is of prime importance due to its possible application in polarizers (Lu et al 1997) , light stable colour filters (Leon et al 2001) , solar cells and optical sensors (Tanaka et al 1991; Tokizaki et al 1991) . If the properties of polymer can also be tuned in correct direction with enhanced optical properties of metals, these materials could be best candidates for space application. The size dependent structural, optical, thermal and electronic properties can be tailored to be suitable for device applications by varying the particle size. Small changes of the configuration of the composite concerning the metal fraction as well as the size and shape of the nanoparticles can lead to dramatic changes in the electrical and optical properties. In the last few decades, the study of optical properties of nanocomposites has been stimulated by promising applications. Significant changes in thermal (Srivastava and Basu 2007a) as well as optical properties (Haridas et al 2008) can be observed in properties of such materials even for very small fraction of the nanoparticles. However, as attractive such nanocomposites may be, the process of blending or dispersing nanoparticles in a polymer matrix has proven to be problematic. Once well dispersed in a matrix, the intrinsic properties of a nanostructured material are determined by its size, shape, composition, crystallinity and structure. Polymer system of the noble metals, copper, gold and silver, show very intense colours, which are absent for the bulk materials as well as for the individual atoms. Their origin is attributed to the surface plasmon resonance (SPR), collective oscillation of free conduction electrons induced by an interacting electromagnetic field. SPR was first quantitatively described by Mie by solving Maxwell's equation with the appropriate boundary conditions for spherical particles. The total extinction cross-section composed of absorption and scattering is given as a summation over all electric and magnetic multipole oscillations. Mie's (1908) theory is successful in reproducing the extinction spectra from gold nanoparticles for size > 20 nm. However, as size decreases the additional effects come in and plasmon *Author for correspondence (basu@physics.iisc.ernet.in) peak shifts towards lower wavelength which can be explained by introducing size dependent dielectric constant in Mie theory.
The aim of this work is to study the optical properties of gold nanocomposites by changing the size and fraction of gold nanoparticles. For these experiments, we have prepared well dispersed, stable and homogeneous gold nanoparticles in the polymer matrix. The size of the particles was varied over wide range by changing the concentration and molecular weight of the capping agent. The optical properties of nanocomposite films of various thicknesses with different sizes and volume fraction of gold nanoparticles has been studied using spectroscopic ellipsometry.
Experimental

Synthesis and materials
The gold nanocomposites were synthesized (Srivastava and Basu 2007b) by reduction of HAuCl 4 with NaBH 4 in the presence of PMMA. When the reduction of gold chloride was carried out by NaBH 4 , the colour of the solution changed from yellow to brownish red indicating the formation of gold nanoparticles (figure 1). All chemicals, hydrogen tetrachloro auric acid (HAuCl 4 ), PMMA (molecular weights, 120 k), sodium borohydride (NaBH 4 ) were obtained from Sigma-Aldrich Chemicals and were used without any treatment. Ethanol was obtained from Merck. Deionized water (18⋅2 mega ohm, Barnstead) was used in all experiments. The thin film samples were made by spin coating nanocomposite solution on silicon substrate at different speeds. 
Characterization
UV-vis spectra of the polymer nanocomposites were taken using GBC Cintra 40 UV-vis spectrometer (range 200-800 nm). Figure 1 shows the surface plasmon absorption for gold nanoparticles confirming the formation of gold nanoparticles. The peak assigned to HAuCl 4 in the absorption spectra at 300 nm due to bulk plasmon disappears and can be seen at 520 nm for gold nanoparticles due to surface plasmon resonance.
Bright field images were obtained using Tecnai F 30 High Resolution Transmission Electron Microscope (TEM). Figure 2 shows the TEM images of well dispersed gold nanoparticles of different sizes in the PMMA matrix. Small concentration of capping agent results in particles of large size but the effective distribution of particle size also becomes broader. Stable gold particles 
